Sleep-wake rhythms are known to be altered in Alzheimer's disease (AD) and in unipolar depression. Other evidence suggests that the circadian rhythm in body temperature may be altered as well. Entrained circadian temperature rhythms were measured in healthy elderly men and women, as well as in men and women suffering from unipolar depression or mild AD, to examine this possibility. There were no differences in the temperature rhythm characteristics of subjects with depression or AD compared with healthy control subjects. However, gender differences were observed. Female control subjects showed .a larger amplitude, higher peak temperature, and earlier acrophase relative to male control subjects. Also, the mesor of female AD subjects was higher than for male AD subjects. These results are discussed in the context of the widely varying subject populations used in other studies. (I Geriufr Psydziufry Neurol 1992;5:65-71).
T altered by a variety of central nervous system disorders affecting older adults, including Alzheimer's disease' and depres~ion.'~~ Patients with Alzheimer's disease (AD) show reduced slowwave sleep and increased fragmentation of night ~l e e p .~,~ Depressed individuals often experience not only impaired sleep quantity and quality but also altered circadian timing of sleep.3 For example, insomnia with early morning awakening or hypersomnolence with delqyed morning awakenin may occur, depending on the type of depression.' Individuals with impaired or phase-shifted night sleep generally experience impaired or phase-shifted daytime alertness and/or excessive daytime napping7 phenomena that can be viewed as damped or phaseshifted circadian sleep-wake rhythms. Changes in Prinz et a1 examining the usefulness of sleeplwake and EEG measures as diagnostic biomarkers of AD. Subjects were screened from a group of 1619 communitydwelling volunteers responding to a variety of recruitment techniques that mentioned normal aging, depression, and memory An initial telephone screening was followed by an in-depth interview with each potential subject and with another adult familiar with her or him. The 316 people subsequently deemed to be potential subjects then underwent an extensive medical screening. This included a comprehensive physical and neurologic examination, an electrocardiogram, complete blood count and blood chemistry, venereal disease and thyroid function tests, and a review of medical, cognitive, and psychosocial history. Sleep patterns were also reviewed, and subjects were excluded from the study if they were shift workers, binge sleepers, or had unusual voluntary nocturnal behavior patterns. All-night polysomnography carried out during the study was used to identify subjects experiencing sleep disorders such as apnea. Two hundred and one subjects met the health criteria and subsequently participated in the study described here. However, the quality of the temperature data varied greatly across subjects, and those with the poorest quality were eliminated. Thus, only 63 of them are reported here.
Subjects accepted into the study were further assessed with tests designed to measure cognitive and affective status. These included: the Mini-Mental Status Examination (MMSE),13 the Hamilton Depression Scale (HDS),14*15 Research Diagnostic Criteria,16 and the Dementia Rating Scale (DRS).17
All subjects were free of psychoactive medication for at least 2 weeks prior to the study, and they had no current physical and psychiatric illnesses other than AD or major depressive disorder (unipolar). They were fully informed of the procedures of the study and subsequently signed consent forms.
Control subjects (17 females, 14 males) had no validated memory complaints, no complaints of disturbed sleep, no current physical illness requiring treatment, and no evidence of current or past psychiatric illness.
All subjects in the AD group (eight females, five males) met DSM-11118 criteria for primary degenerative dementia and NINCDS-ADRDA criteria" for possible or probable AD. The Hachinski Scale20~21 was used during the medical screening to exclude subjects with possible multi-infarct dementia, as indicated by a score higher than 4 on that scale. By design, scores on the MMSE and DRS were significantly lower for subjects in this group compared with the control and depressed groups ( .001). They had no history of hospitalization or electroconvulsive therapy for depression.
Procedures
Each subject spent three consecutive nights at the Clinical Research Center, University of Washington Medical Center. Individual subjects' regular bedtimes and rise times were obtained during screening, and the research protocol was designed to protect those sleep-wake patterns. Subjects were allowed approximately l hour of quiet time before score their habitual bedtime. No laboratory procedures Jvere undertaken during this time. In the morning, subjects were left undisturbed until their habitual rise time. Daytime routines were similar for all subjects: 6 to 8 hours of interviews and psychological testing, three regular meals, interaction with staff and volunteers, and quiet time. Exercise was limited to brief strolls around the ward. Seasons when studies were performed varied randomly and were evenly distributed across groups. Core body temperature was measured with a Vitalog PMS-8 ambulatory recorder and a Yellow Springs Series 400 rectal thermistor probe inserted 8 to 10 cm that sampled temperature at 1-minute intervals. Temperature recordings began a few hours before bedtime on the second night and continued for 24 to 36 hours. The data were then down-loaded to a computer system for storage, editing, and analysis.
Data Analysis
The quality of the temperature data for each subject was rated by an experimenter blind to group membership, and cases with poor quality or inadequate data were discarded. This reduced the number of subjects to 63, as mentioned above. The data were then edited blindly, to remove disconnects and gross artifacts. Brief gaps in the data ( 5 1% of total) were filled by interpolation.
A least-squares regression algorithmz was used to determine the theoretical 24-hour cosine curve that best fit the data of each subject. The defining characteristics of the cosinor curves were derived: (1) mesor, or mean 24-hour temperature, (2) amplitude, defined here as one half of the peak-to-trough value, and (3) acrophase, the time of the curve's maximum or peak. Peak temperature was defined as (mesor + amplitude), while temperature at nadir was computed as (mesoramplitude). The nadir of cosinor curves is by necessity equal to acrophase 2 12 hours. The degree of fit (?I to the idealized cosine and the probability that the data fit such as cosine curve were also determined. For all subjects, the cosine fit was significant at P < .01.
Multivariate analysis of variance (MANOVA) was used to assess group differences between the means. As the mean age of the groups differed significantly (Table 1 ; F[2,55] = 3.42, P = .040), age was used as a covariate in the analyses. Differences in variability were examined with Levene's test.= Gender differences were examined separately for each group. As the distribution of acrophase values for control subjects was markedly nonnormal, the Mann-Whitney nonparametric test was used to analyze gender differences in acrophase for controls.
Statistical significance was defined as P 5 .05.
Results
The demographic, cognitive, and affective status of the subjects is shown in Table 1 . There were no significant differences among the groups in education or body mass index, but the depressed group was significantly younger than the other two groups (F[2,55] = 3.42; P = 0.40). Across groups, there was a significant gender difference in education (F[1,55] = 8.12; P = .006) and body mass index (F[1,55] = 4.98; P = .30). There were no significant group-gender interactions among these variables.
There were no significant differences among groups (F[2,55] = 1.20; P = .310) or between genders (F[1,55] = 2.27; P = .138) in the degree to which the cosine curves fit the data. However, there was a significant group-by-gender interaction (F[2,55] = 3.45; P = .039), with the cosine fit of the temperature data for male AD subjects (mean ?, .60) being significantly less good than for other groups (range of mean ?s for other groups, .72 to .76).
There were no differences among the means of the three groups for any of the temperature vari- 14.56; P = .OOl) and earlier acrophase (z = -2.26; P = .024). In the AD group, females had a higher mesor (F[1,10) = 7.65; P = .02) than males. There were no significant gender differences in the depressed group.
Discussion

Dementia
Circadian temperature rhythm was largely unaltered in subjects with mild AD. The amplitude and peak 
FIGURE 1
Mean entrained body temperatures of healthy elderly females: control subjects, Alzheimer's subjects (AD), and unipolar depressed subjects (DEP). To smooth out minor inflection points and better depict major peaks and troughs in the rhythms, a Fourier smoothing technique was used to fit a 20th order curve to the data from each subject before averaging.
temperature of the male AD rhythms were more variable compared with the male control group, but all other timing and temperature variables were similar for the two groups. These results are consistent with the finding of Prinz et a124 that circadian temperature rhythm is not altered in individuals with somewhat more advanced Alzheimer's disease (mean MMSE score, 12.3; degree of dementia, mildto-moderate). In that earlier study, the only significant difference between AD and control subjects was the greater intrasubject variance in temperature of AD males relative to control males. In contrast, a preliminary report by Campbell and coworkers25 described significant changes in the acrophase of the circadian temperature rhythm of AD subjects, although the changes were in one direction for female subjects and in the opposite direction for male subjects. A productive comparison of their results with ours must await a more detailed description of their study. Touitou et a18 reported -that the temperature rhythms of AD subjects had a greater amplitude on average than control subjects, an effect opposite to that predicted by the damped sleep-wake rhythm of AD.4,5 Though they did not specifically describe the degree of dementia, the age of their subjects (mean, 81 years), the duration of the AD diagnosis (more than 3 years in every case), and other descriptive information suggest that their 
FIGURE 2
Mean entrained body temperatures of healthy elderly males: control subjects, Alzheimer's subjects (AD), and unipolar depressed subjects (DEP). To smooth out minor inflection points and better depict major peaks and troughs in the rhythms, a Fourier smoothing technique was used to fit a 20th order curve to the data from each subject before averaging.
subjects were probably in a relatively advanced stage of AD. Several significant changes were observed in the sleep-wake patterns of the AD subjects examined in this study: increased sleep fragmentation, increased wakefulness during the night, and decreased slowwave sleep.5 The failure to observe changes in temperature rhythms suggests that the neural substrates for sleep and for temperature are differentially affected in mild AD,24 as has been previously reported for moderate-stage AD.4 The pattern of neuronal degeneration and disrupted neuronal functioning characteristic of mild, as opposed to severe, AD appears to be insufficient to disrupt temperature rhythms.
However, widespread disruption of circadian rhythms, including temperature rhythms, might be expected in advanced AD. The suprachiasmatic nuclei, which are essential for the generation of circadian rhythmicity in many physiological functions,26 exhibit pronounced degeneration in individuals with advanced AD compared with age-matched healthy control subjects.27 Moderate-to-severe AD is indeed associated with alterations in many circadian rhythms: rest-acti~ity,~,~~ some blood com ~n e n t s , '~ erythrocyte adenosine deaminase activit To and the tide= hormones. circulating levels of several steroid3'-Y and pep-
Depression
The phase-advance hypothesis of depression suggests that the circadian timing of physiologic functions is advanced in depressed patients relative to healthy control^.^"^^ One difficulty in evaluating this hypothesis has been the heterogeneous nature of the subject populations employed by many studies. In particular, subjects with bipolar depression (manic-depressive disorder) have often been grouped together with subjects suffering from unipolar depression. When such studies are reexamined accordingly, it is clear that in bipolar depression there is good evidence for altered circadian timing of several rhythms, including tempera t~r e .~~,~' With few exception^,^^ studies in which most or all of the subjects suffered from unipolar depression have found no changes in the circadian timing of temperature rhythms .10*40-42 Our results, based on subjects with unipolar depression, are consistent with this.
A higher nocturnal temperature and, consequently, a smaller rhythm amplitude have been observed in uni olar depression by some10*41 but not by others 39,40*g and not in the present study. Again, differences in subject populations are the most likely explanation of this lack of consistent results across studies. For example, geriatric depressed patients are often reported to have a shortened rapid eye movement (REM) sleep latency, disturbed sleep continuity, and decreased slow-wave However, the only difference between the sleep-wake patterns of the depressed subjects reported here and those of their gender-and age-matched controls was in sleep la t e r~c y .~~ These depressed subjects differed from those used in most other published studies of depression and/or temperature in two major ways. One, they had to pass an extremely vigorous health screen before being accepted into the study.I2 They met established criteria (Research Diagnostic Criteria and DSM-III) for major depression but were otherwise very healthy. Two, they were neither selfnor physician-referred for treatment of depression. Instead, they were community-dwelling volunteers recruited by advertisements that mentioned only assessment and referral services (not treatment) for depression or by advertisements that focused on mild memory loss and made no mention at all of depression. In other studies, depressed subjects are typically recruited from inpatient or outpatient treatment program^.^,^ In short, depressed subject populations may differ in and/or be heterogeneous for several important characteristics, including gender, age, type (unipolarhipolar; endogenoushonendogenous), and severity of depression and menstrual status. Any of these factors could affect sleep and/or temperature rhythms. For example, there are pronounced age-related45*46 and gender-related47 differences in circadian temperature rhythms. To effectively determine whether circadian changes are associated with central nervous system disorders, it is vital that the subject populations be well characterized and analyzed appropriately with respect to such factors. The present results suggest that unipolar depression per se may have minimal effects on circadian temperature rhythms.
Gender Differences
The gender differences in temperature rhythms observed here for healthy controls are consistent with the findings of others.47e4s Trends toward similar gender differences were observed in the AD and depressed groups. However, smaller sample sizes and larger variability in those groups may have obscured significant gender differences. This pattern of gender differences (ie, larger amplitude and advanced acrophase of females compared with males) is not entirely comparable to that observed in young subjects (ie, smaller amplitude and higher mesor for females compared with m a l e~) .~~ In summary, these results suggest that entrained circadian temperature rhythm is not altered in aged but carefully health-screened, community-dwelling individuals suffering from mild Alzheimer's disease or from late-onset unipolar depression. scale extracted from regular and changed versions of the schedule for affective disorders and schizophrenia. Arch Geri Psychintry 1981; 38:98. 16 . Spitzer R, Endicott 
